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The creen characteristics of some of ihe light metal alloys at 


. 


high temperature and stress were investivated when suoject to; 


ልቃ 


(1) rension, (2) Short Column Cornpression, (3) l ong Column г есе. 


The tension ana long column aspects are covered іп the theses of 


R. J. Kauffman and 2, Gaibler respectively, Са thesis concerns 

th^ short-time creen oí short columns of 255- [6 and 755-156 

aluminum alloy, subjectec to large compressive loads, and tempera. 
ше TO Е. үде e DR Ту , , 

tures of 450 , 5007, and 5507. The columns were circular in cross 

section, and had an effective slenderness ratio of 25.5. 


~ 


z : Э... 
It was found that 75°-T6 was superior to 255-165 аб 455 and, 


ይ 


tnat at that temiperature, 750-T6 short colusns couid withstand a 
tress of 17,5°0 nsi, however due to creep, failure occurred in 
approximately 45 seconds. ita temperature of 50095, 255-ТГ6 was 
сипа to be sunerior, and withstood a stress of 11,020 psi for 
aprroximatelv 62 seconás before creep failure occurred, the load 


Єв 2. 
carrying ability oi the two alloys was about the sarne at 55% 7 with 


а 
© 
3 
a 
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both materizls withstanding 8,002 psi for aprroxirratel, 67 
tt is commonty believed that aluminum alloys are of little value 

at temperatures as high as 550°C, however contrary to this belieí, 

this investigation shows thet short coiumms of the two alloys tested 


can carry a large соглогезвіоп toad if the time of duration is short. 
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1, IND RODUC TION 


With the advent of high speed aircraft and guided missiles, the 
designer is faced with the ever increasing vnrobler:s of higher operat- 
ing temperatures in the engine, and aerodyuarnic heating of the skin 
of the aircraft or missile. To further complicate the problem, there 
is the ever present demand, especially from the military, for higher 
performance, which immediately requires minimum weight design. 
Therefore the designer must have available tne creep characteristics, 
at high temperature and high stress, of the light metal alloys. 

Considerable research has been done on the creep of هک‎ ; 
however as concerns the light metal alloys, the investigations have 
concerned long time creep, i.e., creep at high temperature and low 
stress, or at low temperature and hign stress. Further the bulk of the 
investigations have been concerned with creep in tension, with liitle 
having been done about creeo in compression, or the effect of creep on 
colurnns. ihe long time creep of some creep-resistant nickel- 
chromium alloys subjected to compressive stress, has been shown to 
be similar to tensil o (2) howe he gain the investigati 
e Similar to tensile creep'””, however here again the investigation 
concerned only a few metals, and totally ignored the regime of snort- 
ые creep. 

This investigation is concerned with the short-time creep of 
some of the light metal alloys subject to; (1) ¢ension; (2) Short Column 


Compression, and (3) long Columa Effect. The short-time compressive 


creep aspect will be treated in this thesis, whereas the tension, and 





(i) See Fibliography 








long column aspects of the investigation are being reported by 
n. J. Kauffman, and 5, Gaibler respectively, as noted in the biblio- 
graphy. 
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the short column creep tests were conducted on 755-T6 and 











252-T6 aluminum alloy columns, with an effective slenderness ratio 
of 25.5,subjected to temperatures of 450°F to 550°F, and stresses 
close to the critical stress. The time to failure in general is less 
than lO minutes, which limits the use of the curves to the design of 
E type of guided missile, rather than aircraft, 

Che tests were conducted at the Guggenheim áeronautical 
Laboratory, California Institute of technology, Pasadena, California, 
under the guidance of Dr. 2, E, Sechler and withthe assistance of 


K. J. Kauffman, it. USN, and R. Gaibler, Lt. USN. 





bt 

ra 

4 

! Е 
рае, 

= 
22 
| 
-- 
-^ 

й 

L 2 
7 
E 


lt the time the subject for this thesis was concrived, there 
















was no suitable creep testing <quinment avaiiglle gt l riifornia 


б 
institute of Technology. .herefore, after considering what tne 
minimum requirercents of the equinment could be, the following E 





Specifications were decided on; il) alev'r type, constant load 
b sting machine, capable of applying an axial load of 6,500 pounás. 
on the specimen, both in tension and compression; (2) а furnace 
capable of maintaining the specimen at a temperature of 5509F Ел 
БОР, with the heat being applied in such a manner as to keep tne 
gradient over the specimen less than 19°F; (3) a method of strain 
measurement accurate to 6.0005 in. /in. 

mig, |. shows the general arrangement of the equipment. Che 
rame and fittings are made of miid steel, except for such parts az 
the knife edges and rings, which are hardened steel. “he knife edges 
50aced iun the lever arm so as to give a mechanical advantage ol 
10, + ball-socket joint at the lower plate eliminates any eccentric 
loading of the vertical ste^l shaft. in order to apply cornpressive 
loads to the specimen, a reversing cage was necessary (Ser Fig. 2.). 

this compression cage is made of mild steel with hardened end plates. 
The end plates have a one inch radius spherical surface, for seating 
the specimen. 
ın order to decrease the conduction of heat in the vertical steel 

shaft, two heat insulating joints were ne edec 4, one just above, and the 
other just below, the upper and lower nlates of th» furnace respec- 


еі. Insulation is obtained through a dead air space in the heat 











Joint, plua4a 3/4 inch transit washar briween the Steel load trans- 
rritting surieces. 

¿he vertical members of the frame have 13 holes spaced two 
inches apart, to allow for positioning the platform holding the furnace, 


an. also the lower plate whicn restrains the ball joint. In addition, 
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the ring which supports the middle knife edge and the vertical shaft 


which pierces the lower plate, are both arnnly threaded to allow for 





centering the specimen in the furnace. 
The furnace consists of a transite pipe, split down the middle 


ana insulated by two inches of rock wool on the sides, and four inches 


| of rock wool above and below the transite ends. Exterior to tie rock 


wool is a half cylinder of Dural sheet, which connects to the upper 
and low-r 1/4 inch steel plates. Inside the transite shell is a 1/4 
inch layer of asbestos for protection of the transite, and inside the 
asbestoz is a stainless steel liner, to obtain maximum radiation of 
üeat, “he two halves of the furnace are connected with a piano hinge, 
Г and overlap is provided b tw: en the two halves to cut down heat loss 


through the joints of the furnace. Details of the furnace are shown 


"а 


on 
4 


J 

in —igs. 3, $, 5, end 6. 
| no original design of the furnace called for ló verticai elements, 
| equally spaced a5 shown in fig. 7. Che wiring was done so as to 
provide high, mediun:, and low heat control of the furnace. when on 
high heat four sets, of four elements in series, are in parallel. Un 


modium heat two sets, of four elements in series, are in parallel, 


and on low heat two sets, of eight elements in series, are paralleled. 


'ubseguent tests on the furnace showed this arrangement gave adve-se 


з 








teinperature gradients on the svecimen, therefore additional ring 
skao^ elements were added to the top and bottom surfaces of the 
furnace box. The input to the side elements is approxirnately 
Z,000 watts on high heat, and 500 watts on low heat. The input to 
the lower ring element is 250 watts on both high and low, and the 
oper ring element uses approximately 62 watts on both high and 
tow heat, 

The ternperature of the furnace was controlled by using a 
Sim-"ly-?rol controlling pyrometer to operate a relay, which in 
turn controlled th- power to the elements. The control board is 
shown in Fig. |. 

Measurement of deformations was accomplished by two, 
@ight-power telescopes, spaced four inches apart vertically, mount- 
ed on the furnace (Fig. 1), and reading directly the movement of two 
scales, fastened to the upper and lower inner plates of the compres- 
sion cage (Fig. 2). Thè telescopes were altered in order to permit 
focusing on the scales; this was done by inserting a brass sleeve 
between the eyepiece and body of the telescope (Fig. 8). cross 
hair was mounted in the brass sleeve to provide a reference point. 
ine scales are standard 1/4 inch steel scales whose smallest divi- 
sion is C.Cl inches, however, due to the magnification obtained in 
the telescope, it is possible to measure 0,001 inch motion of the 
scale accurately. Since the gauge length of the specimen is five inches, 
the measurement of strain is accurate to 0.0002 in./in. 

The light source consists of a bulb mounted in a plastic impreg- 


nated fiber holder, which was inserted in the light source hole cut 
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Chr. wiatrrials testeil in this investigation were 753 
25 226 aluminum »lioys, hese particular alloys were considered 


particularly desirable, since they are extensively used in the air- 


craft industry. ^in чане рчы 


Сре 752-76 specirnmens were machined from commercial, 













5/8 inch round, forged stock, ihe 255- Т6 was machined from a 


£ rged proneller blade, obtained from the Cooperative Wind Tunnel. 


СЕ 
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The propeller had not been in previous use at the wind tunnel. 
apecifications for the specimens used in this investigation are 
shown in zig. 9. 

ihe room temperature mechanical properties of both alloys 
wre determined from tests run in a raldwin-ocouthwork, Universal, 
300,600 round testing machine, with a vate-=mery load indicator. 
The deformations were measured with a Huggenberger extensometer. 


Results of these tests are shown in igs. 10 through 13 and tabulated 


Table i. The values obtained agree favorably with accepted values, 








Before assembly of the testing macbin^, all elements of the 
load transmitting system were weighed accurately to one ounce, 
in order to determine tne load on the specimen due to the dead 
weight of these elernents, ‘he testing machine was then assembled, 
the furnace put in place, and a specimen placed in the compression 
cage. 

The measuring system was checked first and it was found that 
the field of vision of the telescope was only C.08 inches, which was 
somewhat smaller than had been anticipated. Therefore in order to 
provide reference points on the scale, miniature X's, O's, and I's 
were etched between each 0,05 inch marker of the scale. The scale 
was also chrome plated to provide easier readability. With these 
two alterations, the measuring system proved to be adequate. 

The temperature gradient in the specimen was determined by 
using three iron-constantan thermocouples, located at the top, in 
he center, and at the bottom of the specimen. The thermocouple for 
the controiler was placed at the center of the specimen. These 
thermocouples were wired to thy specimen with very light iron wire. 
Another thermocouple was silver soldered to the specimen, in order 
to check the contact of the thermocouples which were wired to the 
specimen, ang it was found that wiring the thermocouples gave the 
same temperatures, With these thermocouples in place, the furnace 
vias brought up to temperature using high heat. The time required to 
сссаїа 55098 on the specimen was approximately l2 minutes, the time 


being so:newhat less for the lower temperatures. The furnace was 








412n aliud бо вета опе поче \ Ler rofür» before cbeckKinsg the 


gradient. he tánineraturs of the Ihr rnsesunles vas deter mined 
using a Leeds and Northrup notenticereter. She Eracient over tin 


з ጫ A LM. се. - nm 7 Um, . 
Specimen was ch-cked at 150 FEF, BEC FF, anl SD PF. Kvith the heat 


control set on both high ani low, and with the upper ring element 





یا 


connectrd and disconnected, ¿he most favorable gradient was 


obtained with the heat control set on low, ann with the too rine 





. „ * е е е е 4 0 
element inoperative. ín this condition the gradient was * F fro: 

Р у Oca Т | 
top to bottom of the specimen at 5507F. The gradient as oppreci- 
ably higher with the furnace set on high heat, and algo when the 


top ring slerrent was connected and the heat control on either high 


| or low. ihe variation of temperature at anv one point of the srneci- 
Tien, was less than one ccgree. During these temperature survey 
| tests, it was found that by making a final adjustment of the aial 
setting on the ^im-Ply-lrol controlling pyrometer approximately 
| See inutes before the test began, the desired temperaturé on the 


specimen could be obtained within one degr="., 

“he effective slend=rness ratio of the test sp=ciinen was de- 
terinined by first calculating the end fixity of the specimen., ‘his 
was accomplished by; (1) determining the critical stress for a standaru 
test sn*cimen at room temperature; (2) determining the tangent 


modulus corresponding to this critical stress; and 13) calculating 


' ‹ሓ 
2 га 21 A 
the end fixity from Ungessers' equation, 77 £ =c c, чете; 
E ( 
, > r ¿e v Eee 
Уан ultimate strength of axinliy loaded column, 
lb. per sq. in. 

L = 1Engta of column, inches 











Z art "Носи пъ cörrekponding to T , lOS. per We. in. 
f = ast radius of pyration, їасасз. 

[he critical stress, or ultimate strength, of a 75.-T6 test 
soeciinen was determined, using a ) alowin-Zouthwark, Universal, 


300,000 lb, testing machine. «she end plates of the compression 


js o w 





cage were pleced between ine specimen, and the heads of the test- 
ing machine, and a standard stress-strain test run. The results are 


plotted in Fig. l4. Using figure 12, tbe tangent modulus соггезпопа- 


ከከ the critical stress for the test specim^2n was determingd. lt 


is now possible to solve for the end fixity in Ungessers' equation. 
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end fixity was found to be 2,46, and the effective slenderness ratio 


Having C , the effective slenderness ratio is 


is 25.5, : he critical effective sive ndern atio, based on 0.2 per- 

cont offset yield stress, was calculated to br 54,7, using the equa- 
tions for short colurins from &eference 4, Therefor^ the columns 
I Ere well within tlie short column range. 

Formal testing of the specinien was now begun. rhe thermo- 
couple for the Sim-fly-Trol controller was wired to the center of 
Ши specimen, with another therrnocouple placed close beside it, in 
order to check the actual termperature on the specimen before th 
test began. This was found іо be quite necessary in that variations 

оте ambient air temperature, affected the temperature of the 
(5) 


SD cimen 


7, 


and corrective setting of the vim-F'ly- ! rol indicator 

Wee necessary to obtain the desired ternperature for the test, Proper 
alignment of the scales with the telescopes was now accomplished, 

ana tye furnace closed. “he weight necessary to put th- desired stress 


Qn the svecimen was determined to + 0,901 tbs., ana placed on the 








lveding pan, which was supported by a hydraulic jack (See Fig. 1). 
Th> furnace control was turned to nigh heat until the desired tem- 
perature was reached, and then turned to low heat and allowed to 
stabilize at the test temperature for one hour. As mentioned pre- 
viously, final adjustment to the temperature was made approxi- 
mately 3G minutes prior to test time, however this consisted of a 


` 


+ 3 change, soto all intents and purposes the specimen was at 

the desired temperature for one hour prior to test, The temperature 
was taken immediately before beginning the test and recorded. Scale 
readings were taken immediately before the load was applied, and 
then the loading was accomplished as smoothly as possible, by 
controlling thy rate of descent of the hydraulic jack. The time re- 
quired to apply the load was approximately five seconds, and through- 
out the tests an attempt was made to maintain the same loading rate. 
Scale readings were taken every 15 seconds, until the specimen 
failed. At completion of the test, the temperature was again taken, 
nowever there was never any appreciable change noted. 

Several tests were made in the same manner described above, 
except that the scales were mounted on the specimen. This resulted 
in large errors in scale readings, due to rotation of the scales, de- 
nending on the direction of bending of the specimen. Therefore these 
tests were totally unreliable and all data obtained had to be discarded. 

Tests were conducted on 75S- T6 and 255-T6 specimens at 


450°F, 500°F, and 550°T. The highest loading at each temperature 


was very close to the ultimate load. 
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Ihe results Of tests run on 755-16 andi 255-* 6 short columns, 
with an Lip of 25,5, are shown in Jigs. 15 through 26. 

Fig. 15 shows the creep characteristics of 755-16 at 4509Е, 
and it can be seen that this alloy will witnstand a stress of 14,500 
psi, but due to creep, failure will occur in approximately 45 seconds. 
Decr>asing the stress 500 psi increases the time to failure appreciabl,, 
so that at 13,000 psi th- time to failure is in excess of 6 minutes. 5۰. 
l6 and 17 show tho creep characteristics of 792-16 at 500° and 550° 


. » m DE * е е е 
respectively. A5 in the tests at J50 PF, the increase in time to failure 


ር. 


with decrease in stress is quite rapi . The time to failure was 
approximately 90 seconds at a temperature of 500 F anda stress of 
10,000 psi, however by decreasing the stress to 9,009 psi the time to 
failure was increased to approximately 8 minutes. Failure occurred 
in approximately 75 seconds at a temperature of 550°F and a stress of 


the time to failure was in exc 53 ої 


ы” 


2028 раї, whereas at 7,000 ps 
6 minutes. 
ወጩ ፡ RR: 
Figs. 18, 19, and ZO are the creep curves for 255-16 at 452 
Боп? pi tive 3 + 
DO , and 550 F respectively. These curv-s show the same charac- 
teristics as mentioned above for 75:-16. I is interesting to comvarr 


the curves for 255-:6, for which the time to failure was the shortest, 


: B. а “Элл 
with those for 755-16 at the three test temperatures, Аб 4507, 


ум 


(9 


5S-'6 failed in approximately 75 seconds under a stress ol 13,000 


351, wh^reas for 755-16 the time to failure was 4i5 seconds with a 


E 


г Эе : : о —. 
stress of 14,500 051. he tire to failure at 500 P was approximately 


the same for both alloys, however 255-16 withstood a stress of [1,ርበር 


* е тэ a .. 
psi as compared to 16,006 psi бос 75.-Г6. 24550 -Ғ, bothalloys with- 











stood a stress of 3,20% psi and the time to failure was approximately 
the same. This clearly indicates tue use of 255-16 rather than 75-T6 


+ . . . * - е ST 
for those anplications in which the temperature is to be above 450 F., 


rr j 


ig. Zl shows the results obtained in three tests of 2558-76 


specimens, under identical conditions of load and temperature, | he 
т 





almost exact reproducibility shown in these curves indicates fairly 





гез 
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good instrumentation aná experimental technique. The main dis- 
crepancy in the three curves is the initial strain, which can be 
attributed to a number of things, one of which is normal statistical 
variation. However it should be pointed out taat írom the results of 

> some of the early tests, it was observed that variation in loading rate 
had à very decided effect on the initial deformation. As mentioned 
previously an attempt was made to maintain the same loading rate in 
all the tests, however this is quite impossible and can only be approach- 
ed with the equipment available. 


е 


ig. 22 is a plot of stress vs. minimum creep rate for 255-Td 


їз) 


and 752-16, however it is of academic use only, since the period ої 
secondary creep is very short; therefore the minimum cree» rate 
given here cannot be used for long-time prediction of the deformation 
to be exvected in 255-76 or 755-6 short columns., ithe minimum 
creen rate curves were plotted primarily to bring ош апу discrep- 
ancies in the curves of Figs, 15 through 20, however they also indicate 
the superiority of 255- l'Ó at 59 ^j. 

“ig. 23 shows the time ai which the transition point is reached 
in short columns of 255-6 anc 755-16, depending upon the stress ana 


ten. perature, Transition voint is the inflection point between the con- 








15 


запі сме» рт. increásing creep rate, which continues up to the 
۰ , £ 4 ٩ {4) د یح‎ 3.4 » е 
zueebure point of the material. figs. 24 and 25 are curves giving 


pá 
Шс tinte rzquirea for 1.0 percent ani 1.5 percent deformation to 
Occur in 750-16 and 295-76 respectively. Figs. 25, 25$, and 25 are 
cross plots of Figs. 15 through 2C, and are intended for use in the 
design of missiles, sor instance supposing the designer has a 
compression member with an Ср Sí approximately 25.5, which is 
to be used in a supersonic guided missile. The missile after reach- 
ing its maximum speed will, due to arrodynamic heating, be sub- 
jected to rather high temperatures. In addition short-time accelera- 


tions will be encountered, which will subject the member in question 


to high loads of short-time duration. Knowing the temperature, 


tN) 


tress, and time of duration of stress, the designer can use Fig. 23, 


زیا 


or 25 to determine whether a column of 255-T6 or 755-T6 would 


1 
2%, 


be suitable for the application. 
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Prom the results of this experiment it was found that 755.76 
à е е ту . O 
aluminum alloy was slightly superior to 25 -Y6 at 450 F, and that 


755-176 short columns could withstand 14,500 psi for approximately 


л 


2 — 
45 seconds. ^t 500 EF, short columns of 252-76 were found to be 


appreciably superior to 755-176, and failure occurred in approxi- 


wnately 60% s-conds under a stress of 11,950 psi. he two alloys 


were approximately equal in their load carrying ability at 5509, 
since they both withstood a stress of 8,000 psi for approximately 
60 seconds. 

trary to common belief, this investigation shows that 
tcluminum alloys are capable of withstanding appreciable loads of 
Short-time duration, at temperatures up to 550°, and therefore 


ndicates the possibility of using these alloys for certain component 


pat 


parts of supersonic guided missiles, which are subjected to high 
temperatures due to aerodynamic heating. 

she deformations measured in this investigation were not only 
due to compressive creep, but also were due to sidewise deflection 
of the column, therefore it is recommended that further research be 
carried on for the above alloys using specimens whose 22 is in the 
neighborhood oi lO to 15, in order іо more nearly approach true 
compressive creep. it i also recommended that the investigation be 
extended to inciude the magnesium alloys, such as #o-i and Z“-60a. 

Investigations should also be conducted to determine the effect 
of creep during heating. The specimens should be loaded and then 


heated rapidly to a predetermined temperature. his would simulate 








the teciperature conditions inipos=ú Бу аггосупайгіс heating one 
guidec P-issile during acerlerátion to its mMaximun flight spent. 

in this investigation the specimen was heated to the specified 
termorcrature and soaked for one hour prior to test, therefore it is 


~ecorrimenued the time be shortenea in definite increments, in order 





to determine the effect of soaking period on the creep characteristics. 


tefore further research is atterr.pted the following changes 





"n equipment are suggested: 

1, Increase the power to the bottom ring element to 599 watts, 
and at the same tirne make possible the control of power to this 
element. It is felt this change will further decrease the gradient 
in the specimen, 

2. iífeasiole, incroase the field of vision of the available tele- 
scones, or purchase new ones. 

3, Use a screw-tyne jack rather than hydraulic, for applying 
the load to the specimen. .: screw-type automobile jack wouid 


serve the puroose very well. it is believed the rate of loading 


could be better reguiated with this type jack. 
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